Nature and magnitude of gene actions were studied employing Hayman's component analysis, with 8 quality protein maize (QPM) inbred lines and their 56 diallel set of crosses including reciprocals. Kernels of each entry were subjected to analysis of endosperm modification (EM), endosperm protein content (EPR) and tryptophan content (TRP). Significant difference was observed among genotypes for the three traits. EM and TRP content exhibited importance of both additive and dominance components, whereas EPR exhibited prevalence of dominance gene effects. Average degree of dominance revealed partial to complete dominance for EM, whereas complete to overdominance was exhibited by TRP, over the seasons. EPR consistently showed over-dominance. The quality traits among QPM lines were observed to be controlled by 1-3 dominant genes/gene blocks. Heritability estimates ranged from 55-75.5% for EM, 32.2-51% for EPR and 35.3-60.6% for TRP over three seasons.
Introduction
Maize or corn (Zea mays L.) is a good source of carbohydrates, fats, proteins and some of the important vitamins and minerals and accounts for 15 to 56% of the total daily calories of people in a number of developing countries (Prasanna et al. 2001) . However, in spite of several important uses, maize has an inbuilt drawback of being deficient in two essential amino acids, viz., lysine and tryptophan (Osborne and Mendel, 1914) . This leads to poor net protein utilization and its low biological value. Quality protein maize (QPM) developed by maize breeders, emerged as a viable option in order to mitigate this problem.
The maize breeders initially developed Opaque-2 maize by incorporating opaque-2 mutant gene (in homozygous recessive condition), which is particularly responsible for enhancing lysine and tryptophan content of maize endosperm protein (Crow and Kermicle, 2002) . However, pleiotropic effects of the o2 allele make the maize endosperm soft and susceptible to cracking, ear rot, and weevils. Such negative secondary effects are obviously undesirable (Mertz, 1994; Villegas, 1994) . These defects were overcome by selection based on a third, distinct genetic system, comprised of minor modifying loci that convert the mutant endosperm of the soft/opaque/ floury phenotype to a hard/vitreous phenotype similar to normal maize. This upgraded version of opaque-2 maize was termed as quality protein maize (QPM) by CIMMYT's maize breeders (Vasal, 2002) .
Development and promotion of QPM cultivars superior in protein quality is the present day need in the maize breeding to overcome the problem of proteinenergy malnutrition of the poor's. Since acceptability of QPM heavily depends upon its nutritional quality and kernel's physical appearance, breeding for superior kernel's physical and nutritional quality coupled with high yield is the primary objective of the current QPM breeding programmes. In order to breed QPM hybrids/ varieties superior in quality, a sound knowledge of nature and magnitude of gene action is a prerequisite. Therefore, the present investigation was undertaken to estimate the nature of gene action for important grain quality attributes such as endosperm V. K. Agrawal et al. [Vol. 75, No The eight parental QPM inbreds, their 56 crosses (both direct and reciprocals) were grown in randomized block design (RBD) with three replications during two post rainy seasons (rabi 2011 and rabi 2012) and one rainy season (kharif 2012). In each season, entries were planted in single row plot of 4 m length, having inter-and intra-row spacing of 75 cm and 20 cm, respectively. Few randomly selected plants in each entry in each replication were self-pollinated in order to cull out the xenia effect due to outcrossing. Selfpollinated grains were subjected to the analysis of quality traits, viz., endosperm modification, protein content and tryptophan content.Endosperm modification (EM) or kernel vitreousness scores were recorded on all genotypes and in all environments following the methodology of Vivek et al. (2008) and Pixley and Bjarnason (2002) . The random sample of about 100 selfed kernels were kept on a light table with germ (embryo) side down. The light table was a custom-made box, made up of wood, of the dimension 3 ft. x 1.5 ft x 0.5 ft (l x b x h). The walls and the base of the box were made up of 3 mm thick plywood. The top of the box was made up of white translucent plastic sheet of thickness 2 mm. Inside the box there was a white fluorescent light source powered by outside. The kernels were kept on the top of the box and with light source on. The kernels were classified in different classes on the basis of opaque and translucent area, through which light passes, from the endosperm. The classification of the kernels was made as suggested by Vivek et al. (2008) . Gradation in the opaqueness was scored on a 1-5 scale where 1 = not opaque/ vitreous (class A), 2 = 25% opaque (class B), 3 = 50% opaque (class C), 4 = 75% opaque (class D) and 5 = 100% opaque (class E) for easy description of the various classes and to enable statistical analysis. Number of kernels corresponding to each class was counted and mean modification score of each entry were calculated for each replication and were averaged over replication. Endosperm modification score was calculated following Ngaboyisonga et al. (2009) .
The mean score obtained for each replication in all the seasons were subjected to arc-sine transformation for the analysis of data as illustrated by Gomez and Gomez (1984) .
Grain samples from the classified kernels for different opacity classes were fetched out in nearly proportionate manner to obtain a total of 10 kernels for each entry. These kernels represented all the classes of kernels in each entry and were subjected to assessment of endosperm protein and tryptophan content. The degermed endosperm samples for protein and tryptophan content were prepared following the procedure of Villegas et al. (1984) . Protein content was estimated by micro-Kjeldahl method (AOAC, 1965) and expressed as per cent of protein in endosperm. Tryptophan content was estimated by the papain hydrolysis method given by Hernandez and Bates (1969) and expressed as per cent tryptophan in endosperm protein.
The analysis of variance for the crosses and parents was carried out as suggested by Panse and Sukhatme (1967) . The variances for different sources of variations were utilized against error variance for 'F-test' at 5% and 1% level of significance. Diallel component analysis (Hayman, 1954) was performed with the help of statistical software Windostat v.8.5 (Windostat Services, Hyderabad, A.P., India).
Results and discussions
Data on quality traits, recorded over three seasons for all the genotypes (Table 1) in diallel analysis were firstly subjected to analysis of variance. Analysis of variance for the traits, over the seasons, indicated significant differences among seasons, genotypes and season x genotype interaction ( was significant for all the traits, suggested pooling of data over-seasons or over-environment may not lead to some concrete results. Thus, separate analyses for the three traits over individual seasons were carried out in order to assess the genetic architecture of each trait in a season as genotypes exhibited differential performance over the three seasons. The three separate analyses of variance for the diallel set of crosses (including reciprocals) along with parental inbreds indicated significant differences among all the treatments in all the seasons (Table 2 ). Significant variation among the genotypes for the traits indicated that allelic variations do occur. The significant variation for endosperm modification, protein and tryptophan contents in QPM inbreds and its crosses have been reported in several studies (Hohls et al. 1996; Hossain et al. 2008; Wattoo et al. 2009; Hussain et al. 2014 The 't'
co-variances. The value of 'b' in case of protein content itself was close to zero rather than unity, however, in case of tryptophan content it was away from zero but due to high standard error in both the cases it showed non-significant departure from zero. Except for protein content closeness of 'b' from unity indicated absence of epistasis. Therefore, the estimates of components are biased due to presence of epistasis for protein content in rabi 2011 and kharif 2012. A non-significant departure of 'b' from unity for endosperm modification and tryptophan content suggested absence of nonallelic interactions for these two traits, whereas for protein content epistasis was revealed in two out of three seasons (rabi 2011 and kharif 2012) as 'b' significantly deviated from unity.
The estimates obtained from diallel component analysis for the traits, separately for each individual season are presented in Table 4 Vasal (1972) and Hohls (1996) also reported importance of both additive and dominance components for endosperm modification, similar to the present findings. In accordance with the present findings Liu (1994) also reported importance of dominance variance for protein, whereas Hussain et al. (2014) reported importance of both additive and dominance components of genetic variation for tryptophan content in quality protein maize. Proportions of components of genetic variations for grain quality traits are presented in Table 5 . Estimate of average degree of dominance [(H 1 /D)
-1 ] for endosperm modification indicated partial dominance to nearly complete dominance, over the seasons, whereas over-dominance for protein content and nearly complete dominance to over-dominance for tryptophan was observed. Partial dominance for endosperm modification (Hohls et al. 1996; Vasal, 1972) and tryptophan (Hussain et al. 2014 ) and over-dominance for protein content (Liu, 1994) have been reported. In contrast to the present findings, partial dominance for protein content in maize inbreds was reported by Wattoo et al. (2009) .
The deviation from expected value of 0.25 for H 2 /4H 1 indicated an asymmetrical distribution of positive and negative genes among the parents for the three traits (Table 5 ). The ratio of KD/KR (proportion of dominant to recessive genes) was more than one for all the traits in most of the seasons, except protein content (rabi 2011), indicating an excess of dominant genes in the inheritance of the traits under study. Endosperm modification and protein content were observed to be controlled by 1-3 genes/gene blocks exhibiting dominance, whereas, tryptophan content exhibited single dominant gene or group of genes. Asymmetrical distribution of dominant genes with positive and negative effects along with an excess of dominant genes for the quality traits indicated that improvement in quality traits can be achieved by selecting favorable dominant genes with the help of some recurrent selection scheme.
The narrow sense heritability estimates indicated large amount of fixable type of genetic variability for endosperm modification followed by tryptophan content and protein content. The heritability ranged from 55-76.5% for endosperm modification, 32.2-51.0% for protein content and 35.3-60.6% for tryptophan content, over the seasons (Table 5) . A fairly moderate narrow sense heritability estimates indicated that selection may be effective in the present set of inbreds and crosses for most of the kernel's quality traits. Narrow Table 4 . Components of genetic variation for grain quality traits in three growing seasons sense heritability estimates of nearly 60% for tryptophan content, similar to the present findings, and nearly 80% for protein content has also been recently reported by Hussain et al. (2014) .
The importance of additive and dominance gene actions in kernel's quality traits are already established by several researchers earlier mentioned in the text. The present study is a confirmation of earlier findings and shows that the results in some cases vary from earlier results, which may be due to difference in distribution of additive and dominance components in the parents as well as environments. Most of the traits exhibited consistency regarding the estimates of various components of genetic variation over the seasons, which indicates that gene action responsible for the conditioning of the traits do not vary much in various environments for quality traits. The exploitation of additive and non-additive type of genetic variability for quality traits is thus possible with the help of breeding procedures which simultaneously accumulate and utilize both additive as well as dominant genes for improved kernel's characteristics.
